ABSTRACT: Simulated acoustic emission signals were induced in a thin-walled graphite/epoxy tube by means of lead breaks (Hsu-Neilsen source). The tube is of similar material and layup to be used by NASA in fabricating the struts of Space Station Freedom. The resulting waveforms were detected by broad band ultrasonic transducers and digitized.
INTRODUCTION
RAPHITE/EPOXY COMPOSITES, because of their high strength, high stiffness, G and light weight, have been chosen for fabrication of the strut tubes of Space Station Freedom (SSF). While exposed to the harsh environment of space, these tubes will be subjected to hypervelocity micrometeoroid impacts and large thermal cycling, among other things. Thus The propagation of Lamb and plate modes in composite plates has been studied by numerous investigators. Noiret and Roget [2] investigated the case of long wavelength and low frequencies. Chimenti and Nayfeh [3, 4] have extensively studied Lamb mode propagation for ultrasonic materials characterization measurements. Veidt and Sayir [5] also characterized the material properties by measuring the flexural plate mode velocity. Stiflier and Henneke [6] investigated plate modes in an attempt to better understand the acousto-ultrasonic technique. A number of investigators have studied plate waves generated by the impact of a composite including Moon [7] , Chow [8] , Sun and Lai [9] , and Rose and Mortimer [10] .
With the exception of the study by Rose and Mortimer [10] who also studied composite shells or tubes, the previous research has all focussed on the simple geometry of a flat plate. The 
THEORY
Classical plate theory predicts three modes of propagation in a plate [13] . These are called the extensional, the in-plane shear and the flexural modes. This theory is based on the assumption of plane stress in a thin plate where the wavelength is large in comparison with the plate thickness. The in-plane shear mode is not detectable when using a transducer which is sensitive to out-of-plane displacement and is mounted on one of the faces of the plate. Thus, it was not observed previously by Gorman and Ziola [1] and has not been detected in this research. Therefore, the theoretical treatment of this mode is not presented here.
While classical theory predicts only an in-plane displacement component for the extensional mode, higher order theories predict [14, 15] Figure 2 wherein the extensional and flexural waveform components are identified. The waveforms at other source to receiver distances are similar with the extensional mode arriving earlier because of its faster velocity. The time between the extensional and flexural mode arrivals increases with increasing distance of propagation because of the slower velocity of the flexural mode.
Measurements of the extensional and flexural velocities were made along the tube axis (0 degrees or x-direction), around the tube circumference (90 degrees or y-direction), and at an angle of 45 degrees to the axis of the tube. For measurement of the velocity along a given direction, the transient recorder was triggered by a sensor placed next to the source and the arrival times of the extensional and flexural modes were recorded for a given distance of propagation. The receiving transducer was then moved by a preselected distance along the desired propagation direction and the lead break repeated. Four to six points data were taken for each mode and direction of propagation. The values of arrival time were then plotted against the trigger sensor to receiving sensor separation. A linear least squares fit was applied to the data and the slope was taken to be the velocity.
For the extensional wave, the earliest detected zero crossing was used for the arrival time. However, because the flexural mode is dispersive, the arrival time must be measured at a particular frequency to allow a comparison with theory. In addition, classical plate theory agrees with exact theory only at low frequen- cies. The lowest frequency in the data which was unperturbed by reflections was at about 50 kHz. As a rough measurement of the arrival time of this frequency, the time for the arrival of the portion of the wave with a half cycle time of 10 ,sec was used. This was used to compute the velocity.
Signals were also obtained when the pencil lead was broken on the end of the tube. In this case the source motion was primarily in-plane. This was done so that the out-of-plane displacement components of the extensional and flexural motion could be compared with those where the source motion was normal to the plane (surface breaks).
RESULTS AND DISCUSSION Table 1 shows the material properties of the lamina obtained from the manufacturer's data sheet. Also in Table 1 The arrival time versus distance plot for extensional waves propagating along the 0 degree direction is shown in Figure 3 . The dotted line is a least squares fit to the data. The experimentally measured velocity values are also presented in Figure 2 , which shows a waveform for an identical distance of propagation but with the lead break on the surface of the tube, demonstrates the effect of source orientation on the amplitudes of the plate waves. The edge break produces an extensional wave with a large out-of-plane displacement component. The surface break also produces a large out-of-plane displacement component, but in the flexural mode. As discussed previously, this fact may be useful in obtaining source information for actual sources in composites. 
